This paper examines the influence of exchange rate variability on the demand for Malaysia's top five electrical exports by SITC (Standard International Trade Classification) product groups. The empirical results indicate that foreign income and prices are important determinants of export demand for all of the five electrical exports, in both the long run and the short-run over the period of 1990-2001. Most importantly, this paper supports the view that exchange rate variability has an adverse effect on Malaysia's electrical exports. This paper is important to policy makers for the design of both exchange rate and trade policies to enhance export growth that can lead Malaysia's transition towards hightechnology industrialization.
I. INTRODUCTION
The recent experience of the Asian currency crisis has generated some research interests whether exchange rate variability has any adverse effect on Malaysia's exports, which are dominated by electrical and electronics (E&E) sub-sectors. In 2005, the E&E industry contributed 66% and 53% to total manufactured exports and total gross exports respectively (Malaysia, 2006) . According to the Ninth Malaysia Plan (Malaysia, 2006) , the electrical and electronics industries are targeted to grow at an average annual rate of 4.1% and 7.7% respectively during the Plan period from 2006 to 2010. Hence, the exports of E&E products play a substantial role in the Malaysian economy in terms of the so-called export led growth strategy through the channels of foreign exchange earnings, employment generation and contribution to gross domestic product (GDP) growth.
The objective of this paper is to estimate the disaggregated industry-based export demand function of the Malaysia's top five electrical exports by SITC (Standard International Trade Classification) product groups. More precisely, this paper contributes to the empirical literature by examining the influence of exchange rate variability on electrical exports since the international empirical evidence is contentious (Arize, 1996a and 1996b; Abbott et al., 2001; Bredin et al., 2003) . One potential deficiency in conventional export demand model is that it does not consider the effect of exchange rate variability on export flows. Lanyi and Suss (1982) pointed out that the uncertainty which exchange rate movements introduce to international transactions varies with the time dimension of economic decisions involved. For instance, firms involved in international transactions can minimize or avoid the uncertainty in the short run by taking out cover in the forward exchange markets. However, hedging against adverse exchange rate movements is not sufficient to eliminate the effect of variability in the long run because the maturity of the forward contracts is relatively short (Caporale and Doroodian, 1994) and firms are not able to predict their foreign exchange receipts and payments accurately (Bureau of Industry Economics, 1991) . On the other hand, the available evidence is limited for both disaggregated studies and Malaysia's electrical export sector. The above studies highlight that failure to include exchange rate variability variable can potentially result in misspecification of the export demand model and hence, produce biased results. Following Abbott et al. (2001) , the ARDL (Autoregressive Distributed Lag) approach for cointegration is employed in this study.
The structure of this paper is as follows. Section II presents the specification of the export demand model using a cointegration approach advocated by Pesaran et al. (2001) , which is based on ARDL specification. It also provides a description of the data. Section III reports and analyzes the econometric results. Policy implications and concluding remarks are presented in Section IV.
II. MODEL SPECIFICATION AND DATA
To reduce the possible risk of aggregation bias and to capture the sub-sectoral effects which may occur at the industry level, demand for electrical exports is specified based on the top five SITC product groups, which takes the following form (see Arize, 1996a and 1996b; Arize et al., 2000; Abbott et al. 2001) :
where Q SITC is export demand at SITC 3-and 4-digit level from the electrical industry; RP t is the relative price of Malaysia's export at SITC 3-and 4-digit level. The relative price is the domestic price e.g. of the electrical industry (P SITC ) deflated by the price of similar products produced by Malaysia's trading partners (PW); YF is foreign income; EV is the exchange rate variability which is constructed based on the moving-sample standard deviation of real effective exchange rate (REER); and β 1 , β 2 and β 3 are the parameters for price, income and exchange rate variability elasticities.
According to export demand theory, the estimated β 1 is expected to be negative because holding other things constant, the higher is the price of Malaysia's exports relative to the prices of similar goods made in other countries, and the lower is the quantity demanded for
Malaysia's exports. Therefore, RP t is expected to be negatively related to Q SITC . On the other hand, β 2 is expected to be positive because other things being equal, if the income from the rest of the world has increased, the greater is the demand by foreign consumers for Malaysia's made goods. For example, an economic boom in the economies of Malaysia's major trading partners tends to increase their quantity demanded for its exports. Thus, YF tends to be positively related to Q SITC . The expected sign of β 3 is still contentious because there is mixed evidence on the impact of exchange rate variability on export flows reported by previous studies (Arize, 1996a and 1996b; Hassan and Tufte, 1998; Arize et al., 2000) , while empirical findings by Needham (1986) , Bailey et al. (1987) , Asseery and Peel (1991) , and Abbott et al. (2001) failed to detect a significant association between exchange rate variability and trade flows.
Homogeneity is imposed on equation (1) by expressing export demand as function of relative prices rather than specifying two separate price terms because the former could reduce collinearity between the price terms and conserve the degrees of freedom. We choose to impose homogeneity as a maintained hypothesis because the economic prior restrictions on these variables cannot be tested as disaggregated unit export prices are not available from published sources for Malaysia's competitors in the electrical export market. observations is tabulated in Narayan (2005) . Moreover, this testing procedure for cointegration or long-run relationship does not require pre-testing for the order of integration of each variable because it incorporates both I(0) and I(1) independent variables. According to Abbott, et al. (2001) , the exchange rate variability is I(0). We find that EV is inclusive on its stationarity. KPSS (Kwiatkowski, Phillips, Schmidt and Shin) tests suggest that EV is stationary at 5 percent level, while PP (Phillips-Perron) tests reject this finding. Hence, as suggested by Abbott, et al. (2001) the ARDL approach is appropriate and its representation for equation (1) can be written as
In order to determine whether there is a long-run relationship in equation (2) 
III. EMPIRICAL RESULTS
As general rule of using quarterly data, a maximum lag length of 4 quarters was imposed on equation (2) initially. The parsimonious ARDL was selected based on Hendry's general-tospecific modeling strategy using the t-statistic on the estimated coefficients -all those variables that have relative small absolute t-value (less than one) were dropped sequentially.
The main advantage of this modeling strategy is that the final model is supported by data and is free of 'omitted variable' bias (see Gilbert, 1989) . Figure 1 ). Notes: (1) SITC 772 = Electrical apparatus, resistors, other than heating resistors; printed circuits; switchboard and control panels; (2) SITC 7415 = Air-conditioning machinery comprising a motor-drive fan and elements of changing temperature and humidity, parts; (3) SITC 773 = Equipment for distributing electricity; (4) SITC 716 = Rotating electric plants and parts; and (5) SITC 775 = Domestic electrical and non-electrical equipment. *, **, and *** denote significance at 10%, 5% and 1%, respectively. (.) is tstatistic. The results of bounds tests are presented in Table 2 . The computed F-statistics for all electrical exports are greater than the upper bound of critical value at 1 per cent level of significance implying that there is a long-run relationship between the demand for Malaysia's electrical exports and their key determinants, viz. relative prices, foreign income and exchange rate variability, with the exception for exports of equipment for distributing electricity (Q 773 ), which lies within inconclusive region. Further cointegration tests using both the trace and maximum eigenvalue test statistics suggest one or at least one cointegrationg vector(s) for the five largest Malaysia's electrical exports, thus corroborating our conclusions based on the 'bounds' tests. The results of Johansen's multivariate cointegration tests are not reported here but are available from authors upon request. Table 3 provides the OLS long-run estimates of price, foreign income and exchange rate variability elasticities. 1 Firstly, both the estimated coefficients for relative prices and foreign income have the expected sign -negative and positive respectively, but the price elasticity's magnitude varies among the five electrical product groups ranging from 0.37 (i.e. export demand for domestic electrical and non-electrical equipment -Q 775 ) to 4.22 (i.e. export demand for air-conditioning machinery -Q 7415 ). Given the export demand of the former is price inelastic, exporting firms can adopt various forms of non-price competition such as product quality improvement and product innovation to enhance their export growth. On the other hand, the policy implications of price elastic export demand for the latter are that exporting firms can use price competition (including real devaluation) to maintain or even to increase exports with the emergence of cheaper production bases such as People's Republic of China (PRC) and India, and also when the economies of Malaysia's major trading partners are sluggish in the long run. Secondly, the empirical estimates of long-run foreign income elasticities are high implying the adoption of outward-oriented policy can promote the rapid growth of electrical exports.
This evidence is consistent with previous studies by Goldstein and Khan (1985) , Margues and McNeilly (1988), Feenstra (1994) and Abbott et al. (2001) .
Finally, the estimated results strongly indicate that exchange rate variability has a negative effect on electrical exports in the long run especially for Malaysia's top three electrical exports (e.g. electrical apparatus, air-conditioning machinery, and equipment for distributing electricity). From a policy perspective, the central bank of Malaysia can reduce the variability of exchange rate by adopting a crawling-peg exchange rate system, which allows the pegged exchange rate to adjust in order to maintain the purchasing power parity (i.e. to maintain international price competitiveness). Exporters can minimize their exposure to exchange rate risk by (a) decreasing their production activities (b) switching sources of demand and supply (c) increasing the proportion of exports invoiced in home currency and (d) switching some of the borrowings from offshore to onshore.
IV. CONCLUSIONS
This paper has provided an examination of the long-run relationship between Malaysia's disaggregated electrical exports at 3-and 4-digit SITC level and exchange rate variability over the quarterly period 1990-2001 using the 'bounds' test developed by Pesaran et al. (2001) .
The cointegration results suggest that there is unique long-run equilibrium relationship for each of the estimated regression. The vector of variables that is cointegrated with the demand for Malaysia's top five electrical exports are relative prices, foreign income and exchange rate variability. However, there are some variations of price elasticity of export demand among the electrical products. For instance, the export demand for Malaysia's three largest electrical exports, namely electrical apparatus, air-conditioning machinery, and equipment for distributing electricity, are price elastic implying that the improvement of price competitiveness is an appropriate strategy if Malaysia wants to increase electrical exports in the light of the emergence of relatively more price-competitive electrical exporters from PRC and India. On the hand, the export demand for Malaysia's fourth and fifth largest electrical exports such rotating electric plants and parts, and domestic electrical and non-electrical equipment, is price inelastic, suggesting that Malaysian producers need to be responsive to non-price factors such as improving the product quality and constantly upgrading the products in order to enhance export growth.
With reference to high long-run income elasticities of export demand, they imply that Malaysia has a high degree of exposure to these traditional export markets such as the U.S., Japan and Singapore if they experience a recession. To mitigate these adverse effects, the Malaysian government can set up trade promotion activities to develop new export markets.
The findings also strongly indicate the adverse effect of exchange rate variability on Malaysia's top three electrical exports (e.g. electrical apparatus, air-conditioning machinery and equipment for distributing electricity) in the long run. Policy makers can reduce the variability of exchange rate by adopting a crawling-peg exchange rate system while firms involved in international transactions can reduce their exposure to adverse exchange rate movements by using the forward exchange markets.
